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1. INTRODUCTION 

The purpose of the work performed under t h i s  con t r ac t  was t o  conduct 

s t u d i e s  of the ionosphere i n  t h e  v i c i n i t y  of the midpoint of an a u r o r a l  

zone ionospheric  forward scat ter  c i r c u i t .  

to b e  i n v e s t i g a t e d  had i t s  end po in t s  a t  Point  Barrow, Alaska and Anchorage, 

Alaska. The midpoint of t h e  c i r c u i t  was near t h e  v i l l a g e  of Allakaket ,  

Alaska s l i g h t l y  south of the zone of maximum a u r o r a l  occurrence.  

s p e c i f i c  i n t e n t  of t h e  program w a s  t o  o b t a i n  and analyze d a t a ,  which would 

provide information leading to  an understanding of l a r g e  enhancements which 

a p p e a r  on s i g n a l s  propagated by ionospheric  forward scatter. 

enhancements ( o f t e n  as much as 60 db) l a s t  from a few seconds t o  as much 

as s e v e r a l  hours, and have been a t t r i b u t e d  t o  layers  o r  patches of sporadic  

E appearing n e a r  t h e  midpoint of t h e  scatter c i r c u i t .  Detai led inves t iga -  

t i o n s  concerning t h e  causes of t he  enhancements i n  t h e  s i g n a l  l e v e l s  have 

n o t  been previously made i n  the  a u r o r a l  zone. 

The p a r t i c u l a r  c i r c u i t  chosen 

The 

These 

Recently, a series of forward scat ter  experiments designed t o  

i n v e s t i g a t e  p o l a r  cap absorpt ion events has  been supported by Manned 

Spacecraf t  Center, NASA under the  d i r e c t i o n  of D. K. Bailey,  ITSA/ESSA 

and M. A. Pomerantz, Bartol Research Foundation. The experiments include 

the design cons t ruc t ion ,  and operat ion of a series of ionospheric  forward 

sca t te r  c i r cu i t s  i n  the northern hemisphere. I n  a d d i t i o n ,  t h e r e  were four 

c i r c u i t s  ope ra t ive  i n  An ta rc t i ca  i n  conjunct ion with the  IQSY program. 

Three c i r c u i t s  are p resen t ly  i n  operat ion i n  or  n e a r  t h e  northern a u r o r a l  

zone. The f r equenc ie s  of the c i rcu i t s  are a l l  i n  the v i c i n i t y  of 23 PlHz 

and i t  is  planned to inc rease  t h e  frequency of t h e  c i r c u i t s  as necessary 
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f o r  l a te r  s t u d i e s  as the  sun becomes more a c t i v e .  

t he  forward scatter network is t o  provide a ( r e a l  time) proton event 

warning system f o r  use  i n  conjunction wi th  P r o j e c t  Apollo. The en- 

hancements a t t r i b u t e d  t o  sporadic  E could cause s e r i o u s  o p e r a t i o n a l  

d i f f i c u l t i e s  wi th  such a system and t h e  d a t a  obta ined  a t  Allakaket ,  when 

analyzed, should con t r ibu te  markedly t o  the  proper  design of t he  warning 

s y s  t e m .  

The main purpose of 

The ionospheric  forward s c a t t e r  c i r c u i t  between Poin t  Barrow and 

Anchorage was chosen as being the  most p r a c t i c a l  c i r c u i t  f o r  i n v e s t i g a t i o n .  

The t r ansmi t t ed  power (Point  Barrow) is 500 watts cw f e d  t o  a f i v e  element 

Yagi antenna. 

antenna connected to  a very  narrow band r ece ive r .  

r ece iv ing  antenna are i n s t a l l e d  so t n a t  t h e i r  main lobes  i n t e r s e c t  a t  

approximately 80 km i n  t he  v i c i n i t y  of Al lakaket ,  Alaska, a remote n a t i v e  

v i l l a g e  i n  Cen t ra l  Alaska j u s t  south of t he  a u r o r a l  zone. 

The propagated s i g n a l  i s  received a t  Anchorage on an i d e n t i c a l  

The t r ansmi t t i ng  and 

During the  performance of the  c o n t r a c t ,  a s i t e  vas e s t a b l i s h e d  a t  

Allakaket ,  Alaska. An ionosonde, two a l l - sky  cameras, a 30 liHz r iometer ,  

and magnetometer were opera ted  nearly cont inuously during t h e  win te r  per iod  

1965-1966. Data from these  equipments was processed and sca led .  

11. SCOPE 

General 
-.-e. 

The Geophysical I n s t i t u t e  of t h e  Univers i ty  of Alaska has  been 

engaged i n  the  opera t ion  and maintenance of t he  rece iv ing  equipment of one 

of t h e  23 NHz forward s c a t t e r  c i r c u i t s  (Annette I s l a n d  t o  College,  Alaska). 

Arrangements were made with E:SC and ITSA t o  u t i l i z e  d a t a  from t h a t  c i r c u i t  
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and t o  o b t a i n  t h e  d a t a  from t h e  Point Barrow t o  Anchorage c i r c u i t .  

of a l l  d a t a  are t o  be r e t a i n e d  a t  the Geophysical I n s t i t u t e .  The 

Geophysical I n s t i t u t e  a l s o  ope ra t e s  a C3/C4 ionosonde a t  College under 

c o n t r a c t  w i th  ITSA/ESSA. Fur the r ,  the Geophysical I n s t i t u t e  is  engaged 

i n  o t h e r  researches including the ope ra t ion  of al l -sky cameras, r iometers ,  

and magnetometers. 

supplement the d a t a  obtained under t h i s  c o n t r a c t .  

Copies 

The d a t a  from these o t h e r  equipments w i l l  be used t o  

Operat ional  Plan 

The following s t e p s  w e r e  planned t o  be  c a r r i e d  o u t  during the  per iod 

of t h e  con t r ac t :  

a. Es tab l i sh  a f i e l d  s i t e  a t  Allakaket,  Alaska. 

b .  I n s t a l l  a d i e s e l  generat ing p l a n t  a t  Allakaket t o  provide l i g h t s  

and power f o r  t h e  operation. 

15 kw of power would be  necessary f o r  t h e  ope ra t ion .  

It w a s  a n t i c i p a t e d  t h a t  approximately 

c. Provide s u i t a b l e  q u a r t e r s  a t  the v i l l a g e  f o r  s i t e  personnel.  

d. I n s t a l l  s c i e n t i f i c  equipment t o  inc lude  C3/C4 ionosonde, a 30 

MHz riometer,  two a l l - sky  cameras, and a magnetometer. 

I n s t a l l  a communications system between Allakaket and College. 

It w a s  proposed t o  i n s t a l l  a VHF l i n k  between Allakaket  and 

t h e  White Alice communication s t a t i o n  a t  Indian Mountain, l oca t ed  

approximately 60 miles t o  t h e  south.  

Operate t h e  f i e l d  s i t e  f o r  approximately 60 s e l e c t e d  days 

during t h e  win te r  per iod 1965-1966. 

Analyze t h e  d a t a  obtained a t  t he  s i t e  and procure and analyze 

supplementary d a t a  from o the r  experiments. 

e .  

f .  

g .  
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11. 

The t e n t a t i v e  t i m e  schedule  f o r  t h e  va r ious  phases of t he  p r o j e c t  

Provide a f i n a l  repor t  covering the  work done. 

were as 

a. 

b .  

C. 

d. 

e. 

f .  

f 01-lows : 

1 A g r i l  1965 - 30 June 1965. Make pre l iminary  arrangements, 

ob ta in  and assemble equipment. 

1 J u l y  1965 - 1 September 1965. Transport  equipment and 

supp l i e s  t o  Allakaket .  Construct housing, cons t ruc t  equipment 

s h e l t e r s ,  erect antennas,  i n s t a l l  equipment, i n s t a l l  communica- 

t ioi ls  system and occupy t h e  s i t e .  

1 September 1965 - 1 February 1966. Operate s i t e  for 

approximately 60 days. 

1 February 1966 - 15 August 1966. Analyze data. Return 

equipment t o  Geophysical I n s t i t u t e .  

15 August 1966 - 31 December 1966. Prepare f i n a l  r epor t .  

30 September 1966. End of p r o j e c t ,  

111. WORK DONE 

Estimaces of the  weight and dimensions of t h e  equipment and s u p p l i e s  

to  be  shipped to  Allakaket  were made. 

and s u p p l i e s  n o t  inc luding  d i e s e l  f u e l  appeared t o  be near 40,000 l b s .  

The instrument van (26' x 7 '  x 7 ' )  weighed approximately 8000 l b s  and 

t h e  diesel  genera tor  weighed about 5000 l b s .  As Allakaket  is no t  se rved  

by road o r  r a i l  and was possessed of a small (approximately 1000 f t )  

l anding  s t r i p  i t  was necessary t o  determine whether i t  was f e a s i b l e  t o  

s h i p  the  equipment and supp l i e s  by river from Fairbanks.  Because only 

one barge a yea r  goes t o  Allakaket  ( i n  June) i t  w a s  found t h a t  i t  would 

The t o t a l  weight of t h e  equipment 
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n o t  be p o s s i b l e  t o  have the  equipment and supp l i e s  ready on t i m e  t o  be 

shipped on t h e  barge.  

would be poss ib l e  f o r  them t o  f l y  a l l  of t he  equipment i n t o  Allakaket  i f  

t h e  runway were repa i r ed  and lengthened. 

ope ra t ion  would be  marginal bu t  poss ib l e  and prel iminary arrangements 

were made wi th  them t o  t r anspor t  t h e  equipment and supp l i e s  s u b j e c t  t o  

improvements on the  runway. Subsequent developments ( severe  f looding  of 

t h e  Koyukuk River causing f u r t h e r  damage t o  t h e  Allakaket  a i r  s t r i p )  

caused a change of plans.  

and supp l i e s  t o  Bettles F i e l d ,  Alaska (approximately 75 m i l e s  upstream 

from Allakaket)  using t h e  A i r  National Guard C123 type a i r c r a f t .  

were no charges f o r  t h i s  a i r l i f t .  It was then necessary t o  s h i p  the  

equipment and supp l i e s  to  Allakaket v i a  r i v e r .  N o  commercial means of 

r i v e r  t r anspor t a t ion  is  a v a i l a b l e  between Bettles and Allakaket .  S i x  

army assault  boa ts  were’ procured from su rp lus  -at Clmeiidorf A i r  Force Base 

(near  Anchorage, Alaska) f o r  u se  i n  t h e  f i n a l  s t a g e  of t h e  shipment. 

The Alaska A i r  Nat ional  Guard w a s  asked i f  i t  

I t  was determined t h a t  t he  

It was decided t o  a i r l i f t  a l l  of t h e  equipment 

There 

Arrangements were made with t h e  Department of Education, S t a t e  of 

Alaska f o r  a j o i n t  e f f o r t  i n  power product ion a t  Allakaket .  

ment of Education had a small d i e s e l  generator, which w a s  opera ted  by t h e  

l o c a l  school  teacher ,  and had a l a rge  supply of d i e s e l  f u e l .  It was 

j o i n t l y  decided t h a t  i t  would be  rmtual ly  b e n e f i c i a l  i f  only one power 

p l a n t  was operated.  The agreement was made t h a t  t h e  Gcophysiczl I n s t i t u t e  

would ope ra t e  a power p l a n t  of s u f f i c i e n t  capac i ty  f o r  t h e  school and 

t h e  s c i e n t i f i c  p r o j e c t  and the  Department of Education would f u r n i s h  

t h e  f u e l  f o r  t he  operat ion.  A s  commercial  sh ipping  rates from Nenana, 

The Depart- 
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Alaska ( n e a r e s t  supply po r t )  t o  Allakaket are $3.64/100 lb t h i s  repre-  

s e n t e d  a major saving t o  t h e  p ro jec t .  

As t h e r e  were no commercial communications a t  Allakaket ,  i t  w a s  f e l t  

necessary  t o  e s t a b l i s h  a communications l i n k  between t h e r e  and Fairbanks.  

Arrangements were made wi th  the  Defense Communications Agency to  supply 

f a c i l i t i e s  between Indian Mountain, Alaska (approximately 40 mi les  from 

Allakaket)  and College. 

between t h e  s i te  and Indian  Mountain. 

I n  addi t ion  a VHF communications l i n k  was opera ted  

ITSAIESSA provided a C3/C4 ionosonde f o r  t he  p r o j e c t .  The sounder 

w a s  modif ied and t e s t e d  a t  Boulder, Colorado by ITSA and was shipped t o  

College.  

The d i e s e l  gene ra to r  f o r  the  s i t e  was inspec ted  and r epa i r ed  by a 

commercial f i r m  a t  Fairbanks.  

and t h e  genera tor  and power d i s t r i b u t i o n  sys tem was i n s t a l l e d  i n  t h e  

s h e l t e r .  

A shelter f o r  the genera tor  was obtained 

License a p p l i c a t i o n  f o r  opera t ion  of t he  ionosonde w a s  processed 

and s e n t  t o  t h e  FCC. Permission t o  erect t h e  towers a t  Allakaket  was 

obta ined  from the  FAA. 

A modern 35 mm a l l - sky  camera w a s  ob ta ined  on loan from Stanford  

Research Ins t i t u t e  and a s t anda rd  a l l - sky  camera s h e l t e r  w a s  cons t ruc ted  

f o r  the camera. I n  add i t ion ,  arrangements were made to  move the  IQSY 

16 mm a l l - sky  camera and s h e l t e r  from Bettles, Alaska to  t h e  s i t e  a t  

Allakake t . 
A 30 MHz r iometer  was obtained f o r  use  a t  t h e  s i te .  It w a s  necessary 

t o  cons t ruc t  a s u i t a b l e  antenna s y s t e m  f o r  the  r iometer  and prepare  the  

equipment for shipment. 

6 



An Askania magnetometer was obtained and a non-magnetic s h e l t e r  

was constructed f o r  use with i t .  

The ionosonde antenna mast, antenna and a s soc ia t ed  hardware were 

obtained and a l l  p a r t s  were p recu t  and prepared f o r  e r e c t i o n .  

The b a s i c  instrument s h e l t e r ,  a 26'  van, was obtained and prepared 

f o r  u se  a t  t h e  site. 

Arrangements were made f o r  the use  of t h e  only unoccupied bu i ld ing  

a t  Allakaket f o r  housing f o r  t h e  s i te  personnel. 

severe d i s r e p a i r  and use  of i t  was obtained i n  r e t u r n  fo r  r e p a i r i n g  it. 

The b u i l d i n g  w a s  i n  

During t h e  l a s t  few days of June, t he  Alaska A i r  Nat ional  Guard 

a i r l i f t e d  most of t h e  s u p p l i e s  and equipment f o r  use a t  Allakaket t o  

Bettles F ie ld ,  Alaska. 

t he  Koyukuk River with the  a i d  of the FAA s t a t i o n  personnel and t h e i r  

equipment. 

t h e  FAA Area Manager a t  t h e  Fairbanks Of f i ce  and f u l l  and w i l l i n g  co- 

opera t ion  from a l l  FAA personnel was obtained. 

The equipment was moved to  an area adjacent  t o  

The arrangements f o r  a s s i s t ance  by the  FAA were made through 

It w a s  found t h a t  t h e  Koyukuk River was i n  f l o o d  s t a g e  and w a s  l i k e l y  

t o  remain t h a t  way f o r  some time as a considerable  amount of snow was 

s t i l l  l e f t  i n  t h e  mountains. 

low water i t  was decided t o  attempt to  move t h e  equipment w i t h  t h e  river 

i n  f lood.  

t o  make t h r e e  boa t s  (each 20 f t  long) and were modified t o  permit mounting 

an outboard engine on each. Tlie.equipment and s u p p l i e s  were loaded onto 

t h e  boa t s  and t r anspor t ed  t o  Allakaket, a d i s t a n c e  of 75 m i l e s  by river. 

Figures  1 through 4 show some of the f r e i g h t i n g  operat ions.  

Rather than t o  delay the  i n s t a l l a t i o n  u n t i l  

Six s u r p l u s  army a s s a u l t  boa t s  were assembled i n  such a way as 

Despi te  
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engine f a i l u r e s ,  high water, se r ious  r ap ids ,  and very severe  mosquito 

cond i t ions  a l l  of t he  equipment and s u p p l i e s  were moved t o  Allalcaket w i th in  

about two weeks. 

The instrument  trailer was set i n  p lace ,  land was c l ea red  f o r  t h e  

e r e c t i o n  of t he  ionosonde antenna, t he  genera tor  w a s  i n s t a l l e d  and the  

power d i s t r i b u t i o n  system was completed, t he  ionosonde antenna (115 f t  i n  

he igh t )  w a s  e rec ted ,  

bu i ld ings  were i n s t a l l e d ,  and the  var ious instruments  were set  up and 

t e s t e d .  

l i v i n g  qua r t e r s  were repa i r ed ,  a l l - sky  camera 

During the  summer, mosquito condi t ions were very severe .  It was 

necessary t o  procure mosquito spray and t o  have t h e  area sprayed twice 

from t h e  a i r  i n  o rde r  f o r  workmen t o  remain ou t s ide .  U n t i l  t h e  area was 

sprayed,  it was necessary t o  wear headnets and gloves most of t h e  day. 

The Allakaket  a i r s t r ip  was f u r t h e r  damaged by t he  f looding  condi t ions 

It was necessary to  spend a cons iderable  and became unsafe f o r  opera t ion .  

amount of t i m e  i n  r e p a i r i n g  the  a i rs t r ip .  

g rade r  were procured from t h e  v i l l a g e  and t h e  s t r i p  was lengthened, widened 

and smoothed. 

A D-7 bul ldozer  and a p u l l  

A s t a t i o n  ope ra to r  was employed and t r a i n e d  a t  College. Af t e r  a 

s h o r t  t r a i n i n g  per iod  t h e  ope ra to r  was sent to Allakaket. 

Although o r i g i n a l  p lans  ca l l ed  f o r  opera t ion  of t he  Allakaket f i e l d  

s i t e  f o r  60 s e l e c t e d  days during the  w in te r  per iod 1965--1966, i t  w a s  

decided t o  a t tempt  to ope ra t e  continuously dur ing  t h e  win te r  per iod .  

Three f a c t o r s  cont r ibu ted  t o  t h i s  decision: 

a. Orig ina l  i n s t a l l a t i o n  costs were somewhat l e s s  than a n t i c i p a t e d ;  
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b. The c o s t  of opening o r  c losing the  s t a t i o n  f o r  s h o r t  per iods 

would have been very high; and 

The obvious advantage of securing continuous da t a .  c. 

Operation of t he  s t a t i o n  began on a l i m i t e d  b a s i s  i n  e a r l y  September 

wi th  completion of i n s t a l l a t i o n  of t h e  ionosonde and t h e  riometer.  

a l l - sky  cameras and magnetometers did no t  commence operat ion u n t i l  about 

1 November. 

The 

Operation of t h e  s i te  continued more o r  less rou t ine ly  u n t i l  3 March 

1966 when i t  became obvious t h a t  f u e l  s u p p l i e s  had dwindled t o  t h e  p o i n t  

t h a t  f u r t h e r  ope ra t ion  would n o t  be p o s s i b l e  without shipping a d d i t i o n a l  

f u e l  t o  Allakaket.  Fu r the r ,  although i n s t a l l a t i o n  c o s t s  had been low, 

o p e r a t i o n a l  c o s t s  had been high and funds were l imi t ed .  

mentation was turned o f f  on 3 March 1966 and p repa ra t ions  were made f o r  

s t o r a g e  of instruments and equipment a t  Allakaket u n t i l  June 1966, when 

t h e  r iver barge made i ts  yea r ly  t r i p .  I n  June, a l l  equipment was returned 

t o  Fairbanks by barge and rail .  

The s i t e  i n s t r u -  

I V .  RESULTS 

Data Obtained 

During t h e  per iod of t he  con t r ac t ,  ionosonde d a t a  were taken on a 

r o u t i n e  b a s i s  during t h e  period 11 September 1965 t o  3 March 1966. 

30 MHz riometer w a s  operated during s u b s t a n t i a l l y  t h e  same period.  

A 

An 

Askania magnetometer and two all-sky cameras were operated a t  the  s i te  

during t h e  per iod 3 November 1965 t o  3 March 1966. The q u a l i t y  of the 

d a t a  are s u r p r i s i n g l y  good considering the adverse condi t ions under which 

i t  vas obtained. Some s h o r t  periods of instrument f a i l u r e  and ope ra to r  

e r r o r  d id  occur bu t  i n  t h e  main t h e  d a t a  are complete. 

9 



. 

Data Scaled 

A s  of t h i s  t i m e  a l l  of t he  ionograms have been reduced t o  t a b u l a r  

v a l u e s  a t  occurrence,  type, v e r t i c a l  he igh t ,  top o r  c r i t i ca l  frequency, 

and o t h e r  parameters f o r  a l l  sporadic  E s e e n  on the  ionosonde. 

A l l  30 NHz r iometer  records have Seen reduced t o  15 minute va lues  

of cosmic n o i s e  absorpt ion.  

All-sky camera records have been reduced t o  t a b u l a r  va lues  of types 

of aurora ,  b r igh tness ,  and pos i t i on  of aurora  with r e spec t  t o  t h e  midpoint 

of t he  forward scatter path.  

Magnetometer records have been sca l ed .  

Scal ing of t h e  above records has been done both during the  pe r iod  

of t h e  c o n t r a c t  and subsequently by personnel  a t  ITSA/ESSA supervised by 

D r .  D. K. Bai ley of t h a t  organizat ion.  

Analysis 

The a n a l y s i s  of t h e  d a t a  obtained a t  Allakaket i s  n o t  y e t  complete. 

T!ork cont inues on the d a t a  by G. M. S tanley ( p r e s e n t l y  a t  Radio Physics 

Laboratory, Stanford Research I n s t i t u t e )  and D. K. Bailey (ITSA/ESSA). 

Seve ra l  oral and w r i t t e n  papers have been p resen ted  us ing  the d a t a  

ob ta ined  a t  Allakalcet and more are i n  process  o r  planned. 

a n t i c i p a t e d  t h a t  t h e  a n a l y s i s  of t h e  d a t a  w i l l  have been completed by 

F a l l  1968. 

It is  

Appendix I contains  a copy of a paper  published i n  JGR i n  which some 

of t h e  Allakaket d a t a  were used. 

Following is  a p a r t i a l  l i s t  of papers i n  which t h e  Allakaket  d a t a  

were used: 
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Stan ley ,  G. M.,  S tud ie s  of t h e  sub a u r o r a l  zone night t ime F-region, 

Commission 111, URSI, \?ashirigton, D.C., Apr i l  1966. URSI, 

Mashington, D. C., Apr i l  1966. 

Bai ley,  0. K.,  Some q u a n t i t a t i v e  aspects  of t h e  p r e c i p i t a t i o n  of 

r e l a t iv i s t i c  and less e n e r g e t i c  e l e c t r o n s  i n  and near  t h e  a u r o r a l  

zone, Conjugate Po in t  Symposium, Boulder Colorado, June 1967 

(Smmary enclosed i n  Appendix I ) .  

I n  a d d i t i o n ,  D. K. Bailey presented a paper t o  IQSY/COSPAR J o i n t  

S c i e n t i f i c  Symposium, London, J u l y  1967 ( i n  p r e s s ) .  

Further ,  Bailey and Stanley are c o l l a b o r a t i n g  on papers which w i l l  be 

submitted f o r  p u b l i c a t i o n s  w i t h i n  the n e x t  few montiis, 
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--- Summan 

propagated a t  a s u f f i c i e n t l y  low f requency (about  23 Kc/s i n  t h e  p r e s e n t  
prozram) by ionospher ic  forward s c a t t e r i n s  r e s u l t  f r o n  s p e c i a l  causes  
t h a t  produce i n t e n s e  and abnormal i o n i z a t i o n  beloi..; t h e  s c a t t e r i n g  
reg ion .  Three causes  of  such  i o n i z a t i o n  have been i d s n t i f i e d :  

- solar X-rays emi t t ed  during f l a r e s  and a f f e c t i n g  only 

Unmistakable daytime decreases  i n  t h e  i n t e n s i t y  o f  r a d i o  s i y a l s  

t h e  i l l u q i n a t e d  henisphere , 
- s o l a r  pro tons ,  t o g e t h e r  wi th  a small f r a c t i o n  o f  heavier  

p a r t i c l e s ,  erni t ted during some f l a r e s ,  and observable ,  f o r  
example, a s  t h e  PCA ?henomanon i n  t h e  po la r  caps ,  and 

- e l e c t r o n s  p r e c i p i t a t e d  fyom t h e  v i c i n i t y  of  t h e  
t h e  t r app ing  r eg ion ,  and observable  i n  t h e  
approximately by  L-values of  4 and 8. 

The f i rs t  of t h e s e  causes  will not be  d i scussed  f u r t h e r .  

app roxh ,a t e ly  i s o t r o p i c a l l y  over  t h e  upper hemisphere. For a s c a t t e r i n g  
he igh t  of  70 km, t y F l c a l  o f  day l igh t  cond i t ions ,  t h e r e  is an  e f f e c t i v e  
a tnosphe r i c  c u t o f f  o r  t h r e s h o l d  enerey: 

For p r e s s n t  purposes it i s  assumed t h a t  t h e  p a r t i c l e s  a r r i v e  

- f o r  pro tons  of  abou t  L O  NeV, and 

- f o r  e l e c t r o r s  o f  a5out  400 ke'J. 

The l z t t e r  er,e=.g-- ~z1c:o _c,roi<les t k  $ s t i f i c a t i o n  f o r  th  t e n ,  
E P  e t s n t  o r  r e l a t i v i s t i c  e l e c t r o n  p r e c i p i t a t i o n  event  t h a t  has  been. 
ass igned  t o  t h e  cases  o f  abso rp t ion  a s c r i b e d  t o  t h e  t h i r d  cause 
i d e n t i f i e d  above. 

below which t h e  e l e c t r o n  removal p=.ocssses grow p r o g r e s s i v e l y  more 
e f f e c t i v e  than &r ing  d a y l i g h t ,  r i ome t s r s  nay observe cons ide rab le  
absorp t ion ,  b u t  decreases  i n  t h e  s c a t t e r  s i s n a l  a r e  n o t  observed e i t h e r  
f o r  proton o r  e l e c t r o n  p r e c i p i t a t i o n .  During e l e c t r o n  p r e c i p i t a t i o n ,  
however, %-propagation is  o f t e n  observed; it can be accounted f o r  
s a t i s f a c t o r i l y  as resultins from l a y e r  formation i n  t h e  95 t o  110-!an 
reg ion  by much s o f t e r  p r e c i p i t a t i n z  e l e c t r o n s  than  produce t h e  daytime 
absorpt ion.  Under soma cond i t ions  e s p e c i a l l y  a f t e r  a u r o r a l  break-cp t h e  
&+propagation, observed ob l ique ly  over t h e  s c a t t e r  pa ths  nea r  t h e  
a u r o r a l  mne  , e f i i b i t s  urimistakable evi2ence of absorp t ion .  The c o n t r i -  
b u t i o n  o f  a u r o r a l  hydrogen t o  t h e  r- type of Zs t h a t  i s  found t o  be 
v i r t u a l l y  exc lus ive ly  r e spons ib l e  in w i n t e r  ( t h e n  t h e  d e t a i l e d  obser-  
va t ions  were m d s )  f o r  t h e  obl ique propagat ion  i d e n t i f i e d  a s  Z s - p o p a p t i o n  
ovs r  t h e  s c a t t s r  pa th  is  n o t  considered important  f o r  3s havinz t h e  
r equ i r ed  c r i t i ca l  f r equsnc ie s  o f  about 5 lic/s and z r e a t e r .  

A t  n igh t  when t h e  s c a t t e r i n z  reg ion  l i e s  a t  about 85 km, a h e i g h t  



! 1:Fith sox? unzvoidsblo t snpora l  and s p a t i a l  s : ~ o o t h i n ~ ,  ercponzntial  
e n e r L v  s p s c t r a  f o r  t h e  p r e c i p i t a t i n s  e l e c t r o n s  a r e  proposed. These 
s p e c t r a  a r e  fo*ud  t o  reconcj - le ,  o f t e n  q u a n t i t a t i v e l y ,  t h e  f o m a r d  
scatter observa t ions  w i t h  simultaneous r iometer  , ionosonde , all-'sky 
camera, and n a p e t i c  observa t ions  made fron a p o i n t  under t h e  midpoint 
(L = 5.7) of t h e  more no r the rn  o f  t h e . t w o  s c a t t e r  p a t h s  nea r  t h e  
a u r o r a l  zone. Ths exponen t i a l  s p e c t r a  can a l s o  be roconci led  w i t h  
s imultaneous observa t ions  o f  s c a t t e r  s i g n a l s  and b a l l o o n  obse rva t ions  
of  au ro ra lb renss t r ah lun , :  X-rays, made b o t h  by day and by n i g h t ,  i n  
t h a  v i c i n i t y  of t h e  midpoint ( L  4.6) o f  t h e  o t h e r  s c a t t e r  pa th .  
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